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F O R E W O R D  

This document constitutes the finaI report of work performed for the Marshall 

Space Flight Center under Contract NAS8-21050 by the Lockheed Georgia 

Nuclear Laboratory. The report describes the response of Pegasus micromete- 

orite panels and electronics to a simuiated space electron environment. 
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A B S T R A C T  

The implementation and performance of a series of tests to determine the effects of a 

near space temperature and radiation environment on the Pegasus micrometeorite de- 

tection system is described. A discussion of detector panel response to induced 

charges is also presented. Analyses of test data indicates little degradation of sys- 

tem data  due to environmental changes. 
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R O D U C T I O N  

rometeoroids, the Natio 

Space Administration has deployed a group of earth orbiting sat 

ject) utilizing the capacitor discharge technique to detect micrometeorite ”hits, ” 

This velocity dependent discharge waveshape coupled with satellite orbital attitude 

information i s  used to determine particle size, velocity, and direction of travel, 

Close examination of the available Pegasus data revealed the possibility of not only 

“hits” being detected but also a spontaneous discharge phenomenon thought to be 

produced by electrons trapped and stored within the myiar dielectric of the detector 

panels. ‘Tfiis thwry was co:ifiw,,a u y  LC,\IL personnel in  an earlier tesi ser;c;J uti i -  

izirig a standard Pegasus panel subjected to a near space electron spectrum (Figure 1). 

It was the results of this investigation (documented’in engineering report ER-8582, 

1 1  

”Radiation Effects on Composite Structures, Contract NAS8-20206) which brought 

forth the many questions this second and third series of tests w i l l  endeavor to answer. 

Section 3.0 covers the second series of tests and concerns the detector panels as a 

subsystem dealing primarily with the following: 

(1) The effects of temperature and radiation cycling simulating the Pegasus 

environment. 

The effect of the foam separator material in  the electron breakdown phe- 

nomenon. 

(2) 

(3) 

(4) 

Buildup time from onset of radiation u n t i l  breakdown pulses occurD 

The correlation, i f  any, between the pulse heights and  breakdown areas 

by limiting the area of irradiation. 

ory investigation of the response of the Pegasus electronics and the 

ffect of multi-breakdowns on the monitoring circuits. (This is covered 
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In an effort to quantitatively determine the effects of  space radiation on the Pegasus 

panel - electronics combination. A third test series described in Secticn 4.0 was 

proposed as a contract extension. These experiments were approved and later defined 

in a jo in t  Lockheed-MSFC meeting. 

The tests all util ized the Pegasus electronics and involved the following: 

(1) 

(2) 

(3) 

{4) 

Determination ot  electron induced pulse rate as a function of temperature. 

Determination of pulse spectra during warm-lp cycles. 

Pulse record during radiation cycling at  a constant low temperature, 

?dice  record during simulcted or5itl;l radiation arid ternFsvctur: -,;.cling. 
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2,O S U M M A R Y  OF RESULTS 

The test specimens were standard 20" x 40" Pegasus panels having 25 mi l  mylar insu- 

lation and  aluminum backings of 8 and 16 mil thickness. These panels were mounted 

within a temperature controlled portion of a large vacuum chamber (Figure 2). A 

remotely controlled 62 mi l  stainless steel electron shield was deployed between the 

panel and {-he source plaque enabling radiation cycling, The temperature of the en- 

tire assembly was varied and controlled from ambient to -62 C while subjected to a n  

atmasphere of 10 torr, 

0 

-6 

The first ~el .Ias of test objective: v;zx I:*:-.stigated simultaneousfy while of1xrs ic 

quired special procedures, The results are listed in the order of questions presented 

in the introduction. 

(1) The overall effects of temperature and radiation cyciiny simulating the 

Pegasus orbital environment were negligitjle. The panel could be "con- 

ditioned, '' however, to produce anomalies in pulse production. If, for 

instance, the panel were subject to prolonged radiation at  a given tem- 

perature, subsequent radiation cycling wouid result in  a decrease in pulse 

production and amplitude, Increasing the temperature of the panel after 

being rodiated wouid increase pulse production and amplitude. 

(2) All tests indicate the foam sandwich material can be disregarded as  a 

contributor t o  pulse production. 

1 

(3) No correlotion was found between time to  pulse buildup and temperature 

in  the -32OC to -62OC range. The process appeared to be  random with 

the first pulse appearing from ten to  thirty minutes after onset of irradia- 

tion 

diation shield was introduced with the pulse rute and amplitude being 

Discharge persisted for approximately sevenfeen hours af ter  the ra- 
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random in  nature. 

(4) The pulse output spectrum of four panel sections having different exposed 

cross sectional areas were compared. The spectrums were similar and in- 

dicate no connection between panel size and pulse occurrence or amplitude. 

(4) As expected the Pegasus electronics was capable of verifying a radiation 

induced pulse. It i s  also capable of "seeing'f the panel discharge caused 

by temperature changes. This phenomenon was investigated further and 

described more ful ly i n  the next test series. 

Tests with the Pegasus electronics and panels yield the following.conclusions: 

0 0 
There i s  no specific temperature in the range of 0 C to -60 C where an 

increase i n  detected pulses can be expected. 

Some low level pulses w i l l  be verified without giving an indication on the 

righting circuits (power supply - panel identification). 

Pulse production caused by short term radiation exposure i s  not detected, 

Discharge pulses produced by some means other than 

rudiation are detected with sufficient ampliic;d, :G 

circuits e 

temperuture or nuclear 

;gger :he indi.cator 

Since only one panel was connected i n  our experiments and multiple chan- 

net l ight indications were recorded i t  i s  assumed there must be some cross 

coupling within the electronics package {in some cases the correct chan- 

ne1 would not be  indicated but an erroneous one woufd). 
* 



I (6) The channel l ight indications are accumulative in  that i f  they are not re- 

'set additional lights w i l l  come on as large verified pulses occuro 

It is fe l t  that the normal Pegasus orbital temperature and radiation cycling cannot be 

considered a continual or predictable source of erroneous "hits." There appears to 

be a strong possibility, however, that some other phenomena such as electromagnetic 

or electrostatic discharge could be o f  concern. This  and the actual operating char- 

acteristics of the electronics package warrant furthe: investigation 
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ber while connected, by special fittings and cable, to.the external monitoring system 

depicted i n  Figure 5. A Loc4.ht-d &b;Yiled pulse inverter and channel JpI i l iet  was 

built to properly match the input of  the spectrum analyzer. 

The foam separator analysis was performed first, with the panel connected as in Figure 

6. Two sixteen hour runs were made under each condition shown, the first enabling 

charges present i n  both the foam and mylar to be recorded and the second detecting 

the mylar breakdowns only. The panel temperature was maintained at  -62 C. 0 

The buildup time measurement was taken next. The panel was cooled to -5OOC i n  a 

10 

creased further to -62 C. Repeated runs were made under this configuration with the 

-6 
torr vacuum. As the electron shield was removed the panel temperature de- 

0 
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a I r d o s t ,  cad fi!*ided info faur quadraiits, etith representin2 the CTBG 3;;; m e  of  

the four etched capacitors. Holes were dri l led i n  each of the shields four quadrants 

l imiting the area of panel exposure to 0.100, 0.242, 0.599, and 1.267 square centi- 

meters (Figure 4), The shield was then mounted flush with the four section Pegasus 

panel. Individual coaxial cables were run from the four capacitors to the instrumen- 

0 The chamber temperature was lowered to -62 C with each panel being monitored to 

obtain "individual" pulse height spectrums. Since the total capacitor area had been 

reduced i t  was necessary to extend the irradiation time to 72 hours. 

The series of evaluations, that of radiation and temperature cycling, was carried out 



At some point during the warm-up cycle, a ’’hit” was observed, It was found in  pre- 

vibus phases of the project thcf Iltatry fwY voltage pulses occurred when :he punei 

WGS allowed to heat up following radiation exposure. Evidently one pulse was of 

sufficiently high voltage to %aunt" on the Pegasus electronics. The resuits of the 

test indicate that further work was required to quantitatively determine the effects 

of space radiation on the Pegasus electronics. 

I 

3.2 DISCUSSION OF PANEL RESPONSE 

The formation of negative space charge regions in solid dielectrics during exposure 

to a flux of high energy electrons has been substantiated experimentally. 

theory of the trapping of injected electrons, and subsequent spontaneous release of 

trapped charge, in Mylar has been treated in the literature. 

1-8 
The 

1-2 The observed phe- 



the dielectr ic  was of a sufficient thickness to completely stop the incident electrons 

o r  +hc P i x t r r : !  energy was cdjusted so that afectrons would be c o n y t ~ f - . ~ ~ ~  I +sorbed 

within the avai lable  dielectr ic  thickness. In either case the amount of deposited 

charge was maximized. It has been determined that the maximum charge is deposited 

within the  dielectr ic  if the range of the incident electron is approximately one-half 

the dielectr ic  thickness. 

O u r  test series, of course, uti l izes a n  aluminum mylar, copper structure (Figure 16) 

exposed to a 90 Sr source whose Beta spectrum is shown in Figure 17. 



following rather complicated picture of the capacitor panel in an environment of 

energetic electrons and x-rays. 

(1) Electrons with energy 

AI electrode (for 0,2 mm electrode, E g. 240 keVand for 0.04 mm AI 

electrode, E 5 162 keV) . 

approximately 426 keV are stopped in the 0.4 mm 

. (2) Primary electrons with E > 427 keV plus secondary electrons (Compton 

electrons, photo--electrons, recoi I electrons) plus x-rays enter the mylar. 

(3) Electrons with energy approximately 19 keV are stopped in the mylar. 

X-rays are attenuated in the mylar, Traps in addition to those in i t ia l ly  

present are created Some traps are f i  1 led e 



that the range of the secondary radiations is not sufficient to penetrate through the, 

entire dielectric and since the secondary radiations originate on each side of the di- 

electric i h i  u greater s p c e  chL,gu v,L!J build up near each elcictrode, F";iliet 

experimentation to define the characteristics of the secondary radiations is required 

before any definitive conclusion can be reached 
. 

2 The physical thickness of the mylar dielectric is 0,6 mg/crn using beta particle range 

theory this thickness is equivalent to the range of a 19 keV electron. However, since 

a large retarding electric field does build up then the effective thickness of the d i -  

electric may be much greater. This would result in  the deposition of a larger charge 

than predicted by the conventional theory. 

Experimental evidence collected indicates that the 'mechanism of trapped electron dis- 

charge may be considered cas a two stage process. The simplest model assumes that 

c!ectrans are trapped within the dielectric and a uniformly distributed space charge 

uilds up, This uniform charge will build up to some level at which the associated 



lease of  trapped charge to the capacitor electrode. The discharge occurs i n  finite 

which caused the discharge. The second stage of  the process then i s  simply a return 

to equilibrium by capacitor discharge through the load resistor with the characteris- 

Tic 2Z time constant. Variation of tits ioad up to 10 k ohms affected the discharge 

t ime only. 

The aluminum electrode of  the capacitor was connected to the pulse recording eiec- 

tronics and the copper electrode grounded. With this configuration the number of 

negative pulses observed was greater than the number of  positive pulses. However, 

the pulse rate was rather low and this observation may be a problem of statistics. 

I f  this observation were correct then a non-uniform space charge distribution could 

be postulated, In  the case of the metal-insulator-metal capacitor structure where 

dissimilar metal electrodes are used the shape of the potential barrier w i l l  be trape- 

zoidal. Significant changes i n  the barrier could be caused by the addition of trap- 

ped charges near the electrodes. 

to negative pulse ratio. 

9 This could possibly have an effect on the positive 



eactivation of trapping 

tures should be carried forward as a fundamental research project aimed at  a charac- 

terization of the various contributing phenomena. 
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coax and the sh 

was to the aluminum. Al l  data was taken with the panel in a biased condition. 

4, I HARDWARE ARRANGEMENT 

To facil i tate the measurement requirements a number o f  modifications to the test sys- 

tem W C : ~  x d e .  Figure 8 depic+: +e P y a s u s  panel mountirib i;;ecl in  the C ~ ~ ~ Y r c i x r t i -  

tal  chamber, 

In an effort to reduce the panel temperature variations when the radiation shield was 

removed an accordion type folding screen was employed. This screen collapses to 

the bottom of the inner chamber to expose She Pegasus panel to the radiation source. 

A finned radiator was added between the shutter and Pegasus panel to improve the 

panel to chamber temperature response time. 

. 
The environmentd temperature control sensing thermocouple was attached directly to 

the Pegasus panel to ensure proper temperature settings. {The system i s  normally con- 

trolled by the circulating brine temperature which responds faster than a test item 

. ?*fi:hln the chamber), 

An automatic temperature and radiation cycle control unit  was constructed to enable 

s shown in Fig- ing circuitry was chang 



pon panel discharge wave shape and can only be approximated as to their amplitude, 

recorded. This l ies at about 0.3 V, The second i s  the point at which the Pegasus 

electronics w i l l  produce a “pulse veri fy” output without any signal lights i Iluminated. 

ri--- +..-eshold i s  about 1.3 V, 

l ight indication and a pulse verify. 

The ibild ! : \e! cf about 1.2 vo!ts w i l l  p:ocI~c~; a Ggna! 

The panel seemed extremely sensitive to electromagnetic interference A fractional 

horsepower squirrel cage induction motor mounted outside the temperature control led 

housing but within the vacuum chamber {See Figure 8) will, when energized, cause 

the panel to discharge sufficiently to produce both a pulse verify and signal light 

condition 

To maintain temperature within the chamber the environmental control system cycles 

a valve in the refrigeration compressor. This valve i s  outside the vacuum chamber 

and about fifteen feet away. Cycling of  this valve causes the panel to discharge a t  

an amplitude sufficient to be recorded. This dischcrgc. :: .L: c! tectec! 5 )  the Pegasus 

electronics. 
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librium had been reached. 

the verified pulses over the required temperature range. Although the two curves 

are not similar in shape they do verify earlier conclusions that under a constant radi- 

af!m .E;Itvitwrtt,ent the pglse rate tends io iricrease with a decrecse ;rt ; e i , lp ,a ture  

with the majority of the pulses being low level. 

4.2.2 Spectrum - Temperature 

Six pulse height spectrums were obtained under the following conditions. 
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rate increasing with an increase in temperature. The significant factor appears to 

be the total time of the temperature cycle as depicted by the -4OOC to +4OoC chart. 

There was, apparently, sufficienf time for the panel to sobstantially discharge itself. 

Figure 12 shows the pulse amplitude spectrum for each run. Of importance i s  the 

fact rhat no pulses appear at  the one V O ~ T  thres’hoid ievel. As was stated before the 

electronics package appears to be wave shape sensitive and accepted some o f  the 

lower amplitude pulses as verified hits. The 1argest:spectral response i s  in the low 

level pulses below the recorder threshold. 

4.2.3 Radiation Cycling 

0 
The panel temperature was lowered to -60 C and a 90 minute of f  - 10 minute on ra- 

diation cycling programmed. This test condition was then maintained for 64 hours. 

Numerous low level hits were recorded. The only verified pulses observed were 

those corresponding to shutter cycling transients. This run indicates that at  a con- 

stant iow temperature there i s  no increase in panel discharges as a result of short 

time exposure to a high level radioactive environment- 

18 



those preceding it, The temperature and r 

tinuously for a two week period, As b 

tion were cycled automaticaII 

perature and manifested i tse l f  as ari abrupt increase i n  

emperature started to increase with a gradual tapering of f  as 

13). As the panel temperature was lowered the mber of low level pulses 

started to increase (Figure 14), There were several "hits" verified by the electronics 

package each day but these were random i n  nature with none occurring during an i r -  

radiation period. 

One exception to the case i s  shown i n  Figure 15. In  this run, which took place dur- 

ing i!ie i , ;g!t>,  n momentary pw;r ?.ii!<,.: dropped out the refrigeration zysie,,, wit;Jt 

ai  lowed ihe panef temperature to increase slowly while the radiation continued cy- 

cling. The discharge rate s t i l l  followed about the same curve with an increase and 

then a gradual ta i l  off  but interestingly there was a discernable increase i n  rate dur- 

ing the irrudiation periods. This was not repeated i n  a n i  of  the other runs nor were 

there any unusual verified hits. 
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FIGURE 3 ETCHED PEGASUS PANEL FUR SMALL AREA BREAKDOWN TEST 
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1 .  

FIGURE 4 PEGASUS PANEL SHIELD SMALL AREA BREAKDOWN TEST 







- .  

URE 7 PEGASUS MICROMETEOROID DETECTION SYSTEM 
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